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® Method and apparatus for continuous ftmnation of fibrlllated polymer lAider electrode component 



® Etectrode materials containing active material In 
a ffbrUlated polymer binder are fomned continuously 
into a cofiesive electrode component by utilizing a 
banol (2) for processing the electnode materials, A 
mecfianism (16) is provided in tfie barrel (2) for 
axfally advancing the electrode materials, while mix- 
ing and kneading the materials to fibriilate the poly- 



mer binder. A forming means (17) at the end of the 
barrel (2) receh^es the resultant mixture and con- 
tinoosly forms a cohesive component of fibrillated 
polymer binder and acthre material as other elec- 
trode materials continue to be advanced and pro- 
cessed in the barrel (2). 
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lltSETHOO AMD APPA1RATU8 FOR COWTIMUOUS FORft^TfON OF RBRIUATED POLYMER BlWm fSLSC^ 



Background of the Invent ion 



This invention relates to a method and appara- 
tus for forming electrode components and, in par- 
ticuiar, electrode components comprised of a fibril- 
lated polymer binder which holds the electrode 
active matsrffll. 

Electrodes which employ a fIbrlHated polymer 
binder for holding the electrode active material are 
known in the art. These electrodes sre used In fuel 
cells mtdi batteries and usually employ poly* 
fetrafluorathylene (PTFE) as the polymer tender. To 
ensure proper operation of the electrode, the 
weight percent of the polymer binder is nonnaRy 
selected to be less than the combined weight per* 
cent of the ^ve and other maMals of the elec- 
trode. Thus, for battery electrodes, the polymer 
binder is usually less than about 10 weight percent 
of the combined component materials making up 
the electrode and for fuel cells less than about 50 
weight percent 

In the formation of electrodes of this type, the 
usual practice Is to first mix the active material, 
polymer bIrKter and any other component materials 
In a batch type process during which the materials 
are placed In a mixer and the polymer Is subjected 
to high shear stresses. These shear stresses cause 
the desired fibrillation of the polymer binder and ^ 
product results which is an intimale mixture of the 
fibrillated polymer, active material and other com* 
ponents. 

Foltowfng this batch processing, the mixture is 
shaped and formed as desired. If the material is to 
be formed as a sheet, this can be cam'ed out by 
pressing the mixture or calendering s^e. ASter- 
nath^ely. the mixture can be extruded to any shape 
and then cut into sheets. 

Czechosbvaklan Patent 208,356 diseases an- 
other type of process ft)r forming electrodes of tMs 
type in which a mixture of active material, a licfuld 
plasttoizer md a plastic bonding agent is formed 
and extruded through an extruder nozzle at room 
tsemperature to form an electrode tut». In this pro- 
cess, the size and shape of the plastic binder 
particlds arc such that during the extnidng process 
the parttelee are geometrically oriented into a fiber 
like sh^ which gives mechanical strength and 
optimum ton exchange properties to the electrode 
tube. 

While ^lese procedures of electrode formation 
provkle the desired electrodes, efforts are still un- 
dennray to develop qtdcker and less labor imensh^o 
procedures which result In electrodes with en- 



hanced and more contrdWe fibriRallon of the 
polymer binder. 

It Is. tiierefbre, a primary object of the present 
invention to provide a mettiod and apparatus for 
6 fonnir^ a cohesive fibrillated polymer electrode 
component in which processing time Is mirrimlzed 
while component Integrity and perfonnance are en- 
hsHiced. 

It is a further object of ttte present invention to 
10 provide a metiiod and apparatus for fonmlng a 
cohe^ fibrillated polymer electrode component 
such that the formatton process can be carried out 
continuously. 

It is yet a further ol)Ject of the present invention 
16 to provide a metfiod and apparatus for forming a 
o^esive fIbriUated polymer electrode component 
ih which fibrillation of the polymer can be con- 
trolled and enhanced. 



so 



Summary of the Invention 



In acconlance wHh the principles of the present 

£5 invention, tiie above and otfier objectives are re* 
allzed In a practice In which tiie electrode materi- 
als. Including the active material and polymer bind* 
er. are processed so as to fibriliate ti>e polymer 
binder as tiie electrode materials are being moved 

so tivough an elongated banrel. The etongated ban-el 
cfirectly feeds the processed materials to a forming 
means which fbnns the processed materials Into a 
cohesive fibrillated polymer electrode component. 
This occurs as other electrode materials are being 

ss moved along and processed in tiie banel. 

An advancing and processing means situated 
in tiie barrel moves tiie electrode materials axially 
toward the fonmlng means as tiie materials are 
mixed and kneaded. This provkjes tfie binder ma^ 

« terial wHh a desired dsgree of fibrillation by tiie 
time the material is advanced to the forming 
means. Continued advancement of tiie mixed elec- 
trode materials wtth the fibrillated polymer binder to 
and through the formbig means then results In tite 

« continuous fbrmation of a cohesive structure witii 
fibrillated binder to provkle tiie electrode compo- 
nent 

In the embodiment of tite invention to be dis- 
closed hereinaf^, the advancing and processir^ 
60 means includes a screw which botii rotates and 
reciprocates. The screw is provided witti broken or 
d]»x}ntinuous flites some of whteh are adapted to 
primarily advance or push tiie electrode materials 
atong tiie screw axis and others of which are adapt- 
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ed to prfmarlly mix and knead the material to 
create shear stresses necessary for fit)rination of 
the potymer t)inder. Pins are also situated at 
preselected positions along the barrel and coop- 
erate at least with the kneading flites to create a 
wiping action whteh facilitates fibrillation of the 
polymer. 

In this embodiment* the forming means oon>- 
prtses a hob and a surrounding die which are so 
configured that the so^alled "adapter" and 
"smoothing* zones of the hob and die result In the 
desired cohesive component Furthennore, the hob 
Is connected to the screw so as to follow Its redp- 
rocdiing motk>n but not Its rotating motksn. 



Brief Description of the Drawings 



The above and other features and aspecte of 
the present invention will become more apparent 
upon reading the folk)wing detailed description in 
coniunction with the accompanying drawings. In 
which: 

FIQ. 1 shows schematically an apparatus for 
continuously forming an electrode component in 
accordance with the principles of the present in* 
vention; 

FIGS. 2A and 2B show front and side views 
of a pushing or advancing element used with the 
screw of the apparatus of FIG. 1; 

RQS. 3A and 3B show front and side views 
of a kneaxMng element used with the screw of the 
apparatus of FIG. 1; 

FIGS. 4A and 4B show the screw of the 
apparatus of FIG. 1 In Its retracted and extended 
positkHis, respectively. 

FIGS. aA and 5B show cross sectkm and 
front views of a hob and annular die usable as the 
forming means of the apparatus of FIG. 1 : 

FIG. 6A and 6B show cross sectkm and front 
views of a hob and slot die usable as the forming 
means of the apparatus of RG. 1; 

RGS. 7A-7C show scanning election micro* 
scope tracings of an electrode fbnned with the 
apparatus of RG. 1 and electrodes formed by the 
prkMT art batch processing methods; and 

RG. 8 shows schematk»Jiy the kneading 
and advancing elenoertt arrangement of the screw 
and the pin locations of the barrel of an apparatus 
usable as the apparatus of FIG. 1. 



PetaHed Description 



RQ. 1 shows an apparatus 1 for fomiing a 
cohesive electrode component in acoordance with 



the princtples of the present invention. The elec- 
trode component is to be formed fifom an acthre 
matsrtalt a polymer binder such as PTFE. and 
possibly other materials which are freely fioweble. 

5 The weight percent of polymer binder, as com- 
pared to the total weight percent of the other elec- 
trode materialSi will depend upon the particular 
electrode being formed. In general, the weight per 
cent of the electrode polymer binder will be less 

10 than about 10 percent so that the mixture Is pre- 
dominately acth« material and other components. 

Specifically, as above-indicated, if the eleo- 
trode component is to be used in a battery elec- 
trode, *e weight percent of polymer is preferably 

75 less than about 5 percent In the case of ntekel and 
cadmium batteries, the weight percent is more 
preferably less than about 4 percent For fuel cell 
electrodes, on the other hand, as also above-in- 
(ficated, the weight percent Is preferably less than 

20 about 50 percent. 

The active material can be any active material 
generally used as an active material In the forma* 
tion of electrodes. Thus, the active material might 
be nickel, cadmium, zinc, lead, mercury, silver, 

25 manganese dioxide, molybdenum oxkie or vanar 
dium pentoxide. The other component materials 
added to the active and polymer binder materials 
might be conductive dikients, softening agents, 
pore fonmerstbulking agents. Typical additive ma- 

30 teriais might be mineral spirits, graphite, metal 
powder and isopropyl alcohol. 

In accordance with the principles of the 'inven- 
tkm, the apparatus 1 connnlses a ban^el 2 arranged 
horizontally for recehring the electrode materials. 

06 These materials may t)e fed to the ban^el 2 from a 
common feed, after they have been prmlxed, or 
from separate feeds as shovm in FIQ. 1. In particu- 
lar, in FIG. 1, hoppers 3, 4 and 5 are situated along 
the axis 2a of the banrel 2 and deliver, respectively, 

40 polymer binder, active material and conductive 
diluent to a set of assodatsd might toss feedere 6, 
7.8. 

The latter feeders. In turn, deliver metered 
amounts of their respecth/e materials to gravity 

45 feed funnels 9 and 11 and screw fiaBd funnel 12, 
respectively. The latter type funnel Is needed for 
certain conductive diluents, since they may not 
gravity feed as easily as the binder and active 
materials and may have to be mechanically ad- 

60 vanced. The funnels 9, 11 and 12 communicate 
with respective ports 2A, 28 and 20 in the barrel 2 
so that polymer binder, acth/e material and conduc- 
tive diluent are delivered through the ports into the 
banel interior. 

55 In the present illustrath^ case, a tank 13 also 
provides to the barrel 2 solvent for softening the 
polymer binder during the forming process. Me- 
tered amounts of tfils solvent are introduced Into 
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the barrel 2 adjacent the position of feeding the 
polymer. This 1$ eccompSshed via a metering 
pump 14 and an open pin feed 16. 

bi further accord witf) the Inv^on, the barrel 2 
Is provided in Its interior wlUi a mechanism 16 
which pushes or advances axiaify the electrode 
materials introduced into ttie banrel, vt/hile at the 
same time mbdng and kneading the mafertals so as 
to fibrillate the polymer binder. The pushing 
mechanism 16 advances the mixture of materials 
including fhB fibrfOated binder to a forming means 

17 disposed at the fbnvard or dovmstream end 2D 
of the barrel. The forming means 17, in turn. Is 
epedlicany adapted to form fnrni the mixture of 
fibrlliated binder and electrode materials a cohesive 
electrode component 20 as the mi)dure is conttnu- 
ousiy advanced axially through the action of the 
mechanism 16. 

As shown, the pushing mechanism 16 com- 
prises a screw 18 which Is mounted so as to 
extend along the axis 2a of the barrel 2. A drive 
18c mounted at the rear or upstream end 2E of the 
ban-el drrvee the screw 18 so that it undergoes 
both rotating md redprpcal motion relative to the 
banrel axis. 

Distributed along the length of the screw 18 ars 
one or more sets of pushing or advancing flites 18a 
and one or more sets of kneading and mixing flites 
18b. Each set of pushing flites 18a is adapted to 
provide predominately axially advancing action to 
the electrode materials in the banrel as the screw 

18 Is rotated and reciprocated, wf^ each set of 
i<neading flites 18b Is adapted to provide predoml- 
natety mixing and kneading action to tiie materials. 

HQS. 2A and 2B illustrate front and side views 
of a baste pushing element 31 which can be used 
wRh Bke elemenls to realize the sets of pushing 
flites 16a. The element 31 conriprises a single, 
angled ffite 31a which is broken at a positton 31b. 

Similar views of a kneading element 41 are 
shown in RG3. 3A and 3B. The kneading element 
41 comprises two ffites 41 A and 41 B which are 
also broken, but at three positions 41 C, 41 D and 
41& As can be seen, the angle of the kneading 
flltBs is much shallower than that of the pushing 
flites so that there are twice as many kneading 
flites as pushing fKtes over the same axial length A 
of the elem^ 31 and 41. As Incficated above, to 
realize the various sets of fHte groups 18d and I8b. 
a number of elements 31 or 41 may be coupled 
axially. 

In order to fadfitate the kneading and mixing 
actk)n of the knea<fii^ fites i2b, the b^ 2 is 
furti^r provkied with three sets 18A, 198 and 190 
of fike shaped pms 19. The s^ of pins 19A. 19B 
and 19C are spaced circumferentlally about the 
banrel 2 Interior and, therefore, oxtlfy the pin seit 19A 
is observable in FIG. 1. As can be seen from the 



latter pin set, the pins of a ghfen set are spaced 
axially akmg the same line and extend from the 
barrel radially inwardly to positions ck)sely adjacent 
the ffites. 

5 With this anrangement, as the screw IB nutates, 
each fllte of the of the kneading fllte groups 18b 
rotates in close proximity to at least one of the pins 
19 of the {^n sets. The pins, therefore, are continu- 
ously wiping past the flites of the fiite groups and 

70 this wiping ^on subjects the polymer binder ma- 
terial to the shear stresses needed to fibrillate the 
binder. The desired fibrillation erf «ie binder thus 
results. 

It shouki also be noted that the rotating and 

ra redprocafing motion of the screw 18 Is timed such 
that axial motton of a flite passed an adjacent pin 
always occurs when the pin is aOgned wffii a break 
in the fHte. The breaks in the flites thus ac- 
comodate the reciprocating motion of the screw. 

20 RGS. 4A and 48 show a screw 18 with a 
representative grouping of pushing and kneading 
flites I8d and 18b In relationship to the pins of ti» 
pin set 188, RQ. 4A ISustrates the relative positlcm 
of the elements when tiie screw 18 In its re- 

25 traded posltkm. RG. 4B, In turn, illustrates this 
relationship with the screw in the fully extended 
position. As can t« appreciated, due to the incline 
and shaping of the kneading flites, the close prox- 
hnhy relotwnship between the pins and these flites 

30 is mcdntained during the lull motion of the screw. 
im ensures the above^dlscussed shear stresses 
mSi resuttam polymer fibrillafion. 

As above-indicated, the mixture of fibriitated 
polymer binder and etectrode materials Is earned 

35 by the action of tie screw 18 and the advandng 
fHte groups 1^ from the banrel 2 to and throuG^ 
the fonning means 17 which fomns the mixture Into 
the cohesive electrode component 20. In the 
present case, the fonning means 17 Is adapted to 

40 develop such cohesive component without the 
b^r being brought to the melt stage. As a re$uit, 
the banrel 2 need not be heated to melt the binder, 
although the ban'el 2 may be subjected to kyw 
heating (e.g., 150' F) so as to fadtiate the softening 

4s action of the solvent on the binder. 

RGS. 6A-5B, IHustFBte a fonrning means It 
which is configured to develop a cohesive compo- 
In the fbnn of a tube from the electrode 
mixture received fifom the banrel 2. As shown, the 

so forming means 17 comprises a die 21 having an 
interior or hob member 22 and a cooperating, sur- 
rounding outer or die head member 23. The hob 
has an outer surface 22a wh»h tndudes a slanting 
secOon 22a' of length Li m the axial direction and 

OS a horizontal or land section 22a' of length 1^. The 
die head, In turn, has an Inner surface 23a whtoh 
'mcluctes a recehrir^ sectton 23a' for the banrel 2. a 
slanting section 23a' with an initial diameter D 
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equal to Ihd barrel 2 diameter and a iKMlzontal or 
land section 23a ^ The land sections 223" aid 23a'' 
define an annular spacing S which substantially 
conresponds to the thickness of the tulHilar elec- 
trode component passed from die 21. 

In accordance with the Invention, to obtain a 
cohesive component tube of about 2 to 3 inches 
dianDeter without melting of the polymer binder and 
wHh the preferable weight percent of the binder, it 
has been found that the length which defines 
the length of the above-mentioned "adapter zone" 
of the die 21, should be such that Ihe ratio Li/D Is 
In the range of 0.5 to 0.75 inches. In further accord 
with the Invention, it has also been found that to 
achieve such component tube, the above-men- 
tioned "smoothing zone", defined by the land sec- 
tions 228' and 23a''. shodd be such ttiat Ihe ratio 
Is equal to or less than about 3^. 

WHh these ranges fbr Li/D and U/S, the mix- 
ture of electrode materials wHh fttmHatsd polymer 
from the barrel 2 is readily fonned into the desired 
cohesive tube. This occurs because the materials 
are able to pass through the adapter and smooth- 
ing zones \inthout axcessh/e shear of the material 
wall thickness which wouM otherwise shorten the 
polymer fibrils. Such shortening of the fibrils inhib- 
its melding of the fibrils as the mateda! is pushed 
through the die 21 with the motion of the screw 16 
and. hence, If allowed to occur would prevent for- 
mation of a cohesive structure. 

The die 21 Is coupled to the screw 18 via a 
coupling 24. The coupling 24 connects, via a 
threaded member S4a. to a bearing assembly 25 
which Is mounted to rotate interiorly of the hob 22 
and which includes a bearing cap 25a screwed, via 
screws 25b, to the die head 21. With this connec- 
tion, the hob 22 Is subiected to the reciprocating 
motion of the screw 18, but is isolated from the 
rotating motion. As a result, as the mixture from the 
banrel 2 is being pushed by the hob through the 
die 21 it does not impart any twist to the mixture 
and, therefore, to the resultant tuba as it is being 
formed. 

The surfeces 228 and 23a of the die head 22 
and hob 23 may be coated to facilitate passage of 
the mixture from the die. This is desirable because 
the active material in the mixture may bQ abrasive. 
The coating material used should be capable of 
accepting extreme polish and be of very low coeffi- 
cient of friction. Typical coatings mi^ be elec- 
troless nicicel or chrome plating. 

By utilizing the barrel 2 and forming means 17. 
as above-described, the coherent tube 20 of fibril- 
lated polymer and intenmixed active and other ma- 
terials Is continuously fomned by the forming 
means 17 as other materials are being processed 
In the banrel 2. In order to form a cohesive sheet 
component from the tubular component 20. a cutter 



91 arranged to cut the tube waB along Its length 
may be located downstream of the fbnning means. 
A convening element 92 following the cutter 91 
would then gradually convert tf» cut tube into a flat 

6 sheet The flat sheet may then be fed to calen- 
dering rollers 93 to realize a desired thicicness for 
the sheet. The rolled sheet may thereafter be dried 
In a dryer 94. have its edges trimmed by an edge 
trimmer 95 and be coiled on a collar 96 for storage 

70 to complete processing of the electrode compo- 
nent. 

In the event electrodes are to be fbnned di- 
rectly from the sheet without storage, Instead of the 
collar 98, a further cutter could be anranged to 

IS follow the dryer 84 for cutting the continuous sheet 
into siDtabje lengths for the desired electrodes. The 
cut lengths would then be provided with suitable 
cunrent ootteclors and possibly other components 
to complete the electrodes. 

20 While the discussion above has described the 
forming mezns 17 in terms of a die for developing 
a tubular component which, thereafter, can be 
formed into a sheet it is also within the contempla- 
tion of the invention to directly fonm the mixture 

26 from the banrel 2 Into a sheet by use of a slot die. 
F1Q8. BA and 6B show cross section and front 
views of a suitable slot die 71 comprising hob 72 
and die head 73. In thjs case, to obtain a cohesive 
sheet component of about 4.5 inch width from a 2- 

30 inch diameter banBl, the length of the adapter zone 
Li of the die is such that the ratio of U/0 (where D 
again Is the initial diameter of the die 73 surface 
defining the adapter zone and equal to the barrel 
diameter) should be less than about 1.25 inches 

36 and the length of the smoothing zone Is such that 
the ratio of I2/8 (where S is the height of the slot 
conesponding to the thidmess of ^ sheet), 
should be in the range of 3 to 4. 

Using the apparatus of the invention, it is has 

40 been found that the processing of the electrode 
components is more controllable, requires fewer 
steps and the consistency of the material is more 
unilonm as compared to conventional batch type 
operations which employ existing roll, kneading 

45 and extrusion operations which are operator sen- 
sitWe. Furthermore, it has been found that the 
amount of fibrillated polymer binder needed to 
fonn a cohesive structure is signifteantly reduced, 
thus allowing increased amounts of active n^ateriaf 

50 to be used and. as a result, to achieve electrodes 
having greater capacity per unit weight or volume. 

Specifically, a 1.5% PTFE Ni posith^e compo- 
nent fonmed with the present apparatus has been 
found to compare favorably with a 4% PTFE 

5S roll/kneaded poslth^ component, and to enable for- 
mation of an electrode with up to 10% more capac- 
ity. An electrode fom^ed from a 1.2% PTFE CdO 
negathre component processed wHh the subject 
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apparatus has also baen found to compare favor* 
ably with an efectrode formed from a roH/kneadod 
component containing up to 10% PTFE on long 
cycling of over 780 cycles with good voitage and 
stability. Rnaliy, an electrode fonned from a 1.5% 
PTFE nickel positive component and 1.2% PTFE 
cadmium oxide negative component made with the 
eubiect apparatus has been found to show better 
voltages and stability after 780 test cycles when 
compared with an etectrode formed from a 
roli/kneaded positive component with 4% PTFE 
and a negative component wtth 2% PTFE. 

An Qlustration of the above stnictures Is shown 
tn the attached tracings of SEM photographs taken 
of a nickel electrode made with the present appara- 
tus, and 01^ made with known batch preceding. 
The nicke^electrode made in acccurdance with the 
Invention is shown in FIG. 7A ai aooox and in- 
cludes 1.5% binder (PTFE) whereas the ntekel 
electrode made by batch processing 1$ shown in 
FIG. 7B at 3000X and includes 4% of the same 
binder. It can be readily seen that because of the 
more unifonm stnicture and finer denier of the 
fibrOlaton created by the present apparatus, far 
less binder creates a better struchire. The greater 
unffbrmity achieved with the pnssent apparatus 
which produces maledal of a more consistent qual^ 
ity, may be seen from FIG. 7C. which shows a 
section of a nickel electrode wtth 4% binder at 
3000X made by the batch processing tn which the 
fibriilated structure fs constderal^y less than in the 
electrode of FIG. 7B, made by the same process 
and materials in a different batch. 

As can be appreciated, the particular arrange- 
ment of pushing and kneading fltte groups 18a and 
18b, the number flite elements in each group and 
the locatk)n and cfistrlbution of the i^ns 18 to pro* 
vide kneading to achieve the desired fibrillation of 
the polymer binder In the barrel 2 will depend upon 
the parfknjiar active material, binder material and 
other component materials used In the mixture. An 
off fhe shelf unit which enables fashioning of the 
barrel 2 and the screw 18 with various an^nge- 
ntents for the aforesaid elements is a co-kneader 
manufactured by Buss under model number PR- 
46. This co-kneader Is equipped with kneading and 
advancing elements as shown in RGS 2A. 2B. 3A 
and 38 wt^ can be axially maxAtod, to form 
different groups of elements as desired. It also has 
pin locations spaced 120' about the barrel drcum- 
ferencd and is provkfed with pins fbr inserting In 
these bcations as desired. Acconlingly, by suitably 
EHTanging the elements and pins in accordance with 
the above teachings, a unit for achieving electrode 
components for a variety of polymer binders, active 
materiate and other electrode materials cai t» re* 
alized. 

RG. 8 shows a typical arrangement of i:^ns and 



kneading elements of a Buss PR-46 kneader for 
forming coherent tutmiar components comprised of 
cadmium oxide and nteket hydroxide active mated* 
als and PTFE fibriilated twnder. The upper and 

5 tower lines in the figure show the positions of the 
material entry ports and soh^ent entry ports aJong 
the barrel axis for the different materials as well as 
the pin k)cations Ibrthe first and second sets of 
pins. The mWdla line shows the positiwis of the 

70 kneading and ^vancing elements and the number 
and makeup of the etements. This line also shows 
the pin k»»tions of the thinj set of pins, in the 
figure a P represents the presence of a pin at the 
pin tocation and a 0 tl^ replacement of a p'n with 

76 a plug which is Hes flush wtth the barrel surface. 

As can be seen from RG. 8, the nfctel hydrox- 
ide mixhire is Introduced tnio the barrel further 
upstream from the point of Introduction of Ihe cad» 
mium oxide mixture so that the former mixture is 

20 subjected to a greater degree of kneading. TT»is 
extra kneading is required for the nickel hydroxide 
mix due to the lubricating influence of the graphite 
conductive diluent u^ in the mix. Altematively, 
the cadmium oxide mixture can also be introduced 

S5 further upstream in the barrel, in which case the 
kneading elements wouM be changed to pushing 
elements with only one kneading element at the 
discharge end of the barrel. 

In all cases, it is understood that the above- 
so identified anangements are merely illustrative of 
the many possible specific embodiments which 
represent applteattons of the present invention. Nu- 
merous and varied other an'angements can readily 
be devised in accordance wHh the principles of the 

35 present invention vinthout departing from the spirit 
and scope of the Invention. 



Claims 

1. Apparahjs for use in fonning an electrode 
comprising: 

a barrel for receiving electrode materials compris- 
ing an active materia and a polymer binder. 
45 means within sekl barrel for moving said received 
electrode materials axially while mixing and knead- 
ing said electrode materials such that sak) polymer 
binder Is fibriilated: and 

means disposed at the end of sakl barrel and 
50 adapted to receive the mixture of elsctrode materi- 
als Including said fibriilated polymer binder as said 
mixtuone is moved axially in said banrel and to 
continuously form from said mbcture a cohesive 
electrode component 
66 ^ Apparatus in accordance with claim 1 
wherein: 

the amount of polymer binder is less than about 50 
percent by weight of the materials constituting said 
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cohesive electrode coniponem. 

3. Apparatus in aocordance with dalm 2 
wherein: tt^ amount of po(yn>^ binder is less than 
about 10 percent by weight of the matdrlais con- 
stituting said cohesive component. 

4. Apparatus in accordance with claim 1 
wherein: 

said cohesive electrode component Is In the fbnn 
of a sheet 

5. Apparatus In accordance with dalm 1 
vrtwein: 

said cohesive etec&txJe component Is in the fbrm 
of a tut)e. 

6. Apparatud In accordance with daim 5 further 
conripflsing: 

means for slitting said tut^e along its length; 
and means for forming said slit tube into a sheet. 

7. Apparatus In accottlance with daim 1 further 
coriH^xfising: 

means for feeding said eltetrode materials into 
saldbanrel. 

a Apparatus In accordance with daim 7 

wherein: 

said means for feeding feeds one or more of said 
electrode materials into said barrel at different posi- 
tions along the axis of said K)arreK 

9. Apparatus in accordance with daim 8 
wherein; 

said means for feeding includes metering means 
for ^^ely metering the amounts of electrode 
mat^ais being fed at the different positions. 

10. Apparatus In aocordance with daim 7 
wherein: 

said electrode materiais are premlxed; 
and said feeding means feeds said premlxed elec- 
trode matenals into said banBl. 

11. Apparatus in accordance with claim 1 
wher^: 

said fomiing means comprises: a hob member 
having an outer surface; and a surrounding die 
having an inner surface; said outer and inner sur- 
faces of said die and hob defining an adapter zone 
through which said mixture first passes and a 
smoothing zone following said adapter ^one. 

1^ Apparatus in accordance dalm 11 
vi4ierdn: 

the ratio of the length of said adapter zone in the 
axfai direction to the barrel diameter is in the range 
of 0.5 to 0.75 and the ratio of the length of said 
smoothing zone to the thicimess of said coheslye 
eiectiode component is less than about 3.5 

13. Apparatus in acoonJance with daim 12 
herein: 

said outer surface of said hob includes; a first 
truncated conical surface portion closest said barrel 
which increases In radius in moving away from said 
barrel and which wHh said Inner surface of said die 
fbrms said adapter zone; and a second cyHndilcal 



surface portion which e)dends from said first 
face portion and which fonms with said inner sur- 
face of said die said smootWng zone which Is 
annular. 

fi 14. Apparatus in accordance 11 wherein: 
the ratio of the length of said adapter zone in the 
axial direction to the barrel diameter is less than 
about 1.25; 

and the ratio of the length of said smoothing zone 
10 to the thiclmess said cohesive electrode compo- 
nent is in the range of about 3 to 4. 

15, Apparatus In accordance with claim 14 
wher^n: 

the outer surface of said hob comprises: inclined 
75 upper and k)wer flat surfaces which indine toward 
the axis of the banrel in proceeding away from the 
banrei. 

16. Apparatus in accordance with daim 11 
wherein: 

20 said means for moving is adapted to be rec^ro- 

cated along the axis of said barrel; 

and said hob includes means for coupling said hob 

to said moving means so said hob redprocates 

with tsUd moving means. 
ss 17. Apparatus in accordance with claim 16 

wherein: 

said means for moving is adapted to rotate about 
the axis of said barrel; 

and said coupling means prevents said hob from 
30 rotating with said moving means. 

ia Apparatus In accordance with daim 11 
wheretm 

said Inner and outer surfaces of said die and hob 
are coated with materials having a low coeffident 
3s of friction and being highly pdished. 

19. Apparatus In accordance with daim 1 
wherein: 

said moving means indudes: surfaces for contact- 
ing said electrode materials and means for passing 
40 other surfaces closely a(jgacent said contacting sur- 
faces so as to create a wiping action which acts to 
fibriiiate the polymer binder material in the region 
between said contacting surfaces mid said other 
surfaces. 

45 20. Apparatus m accordance with daim l 
wherein: 

said moving means comprises: a screw extending 
along the axis of said barrd, said screw bdng 
mounted to reciprocate along and rotete about said 
sd axis and having along Its length one or more dis- 
continue Icneading flites; 

a first s^ of prins situated along the length of said 
ban^i and extending radially inwardly to positions 
adjacent said flites; 
66 the flites and set of pins being configured and 
ananged such that as said screw rotates and redp- 
rocates the surfaces of the fMtes pass dosely adja- 
cent said pins so as provide a wiping actloOi there- 
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by causing knaadlng of the eledroda materials 
tfierebetween and resultant fibrillation of the poly- 
mer binder material. 

21. Apparatus fan accordance with dalm 20 

wherein: 

said moving means further comprises: one or more 
further pushing fliles situated along the length of 
said screw and adapted to push said materials 
along the axis of said banrel. 

22. Apparatus m accordance with dalm 21 
wherein: 

said one or more kneading fiitss are an^nged In 
groups of one or more fittes: 
and said one or more pushing fHtes dte discontinu- 
ous and anranged In groups of one or more flites. 
Apparatus in accordance with dabn 22 

wherein: 

the discontinuous nature of said flites defines 
breaics In said flites which are arranged to allow 
said flites to pass axldlly of said pins during recip- 
rocation of s^d screw. 

24. A method for use in fonmlng an electrode 
comprising: 

providing a banrel for receh^ electrode materials 
comprising an actlye material and a polymer bind* 
en 

moving said recdved electrode materials axiaOy 
within sa$6 ban's! while mixing and Imeading said 
electrode materials such that said polymer binder 
is fil)ril]ated; and 

receMog the mixture of electrode materials indud- 
ii^ said fibriyated polymer binder from the end of 
said barrel as mixture Is moved axially in said 
barrel and continuously fomting from said mbdure 
a cohesive electrode component 

25. A nmthod in accordance with claim 24 
wherein: 

the amount of polymer binder is less ttian about $0 
percent weight of the materials constituting said 
oofie^ve electrode component 

26. A method In accordance with claim 25 
wherein: the amount of polymer binder is less than 
about 10 percent by weight of the materials con- 
stituting said coheshre component 

27. A method in accordance with claim 24 
wher^n: 

said cohesive electrode component Is In the fbnn 
of a sheet 

28. A method In accordance with claim 24 
wherein: 

said cohesive electrode component is in the form 
of atube. 

29. A method In accordance with cHaiim 24 
further compriang: 

feeding said electrode materials Into said barrel at 
different positions along the axis of said banrel. 

30. A method In accordance with claim 24 
further comprising: 



premixing said electrode materials; 

and feeding said premixed electrode materials into 

said banrel at a common position. 

31. A method In accontence with claim 24 
6 wherein: 

said forming step is canied out with a hob member 
having an outer surface and a surrounding die 
havRig an Inner surface; said outer and inner sur- 
faces of said die and hob defining an adapter zone 
10 through which said mixture first passes and a 
smoothing zone following said adaptor zone. 

32. A method In accordance with claim 31 
wherein: 

the ratio of the length of said adapter zone In the 
16 axial (firection to the banei cSameter is In the range 
of 0.5 to 0.75 and the ratio of the length of said 
smoothing zone to the thickness of said cohesive 
electrode compon^ Is less than about 3.5. 

33. A method in accordance with dalm 32 
20 whweln: 

said outer surface of said hob Includes: a first 
truncated conical surface portion closest said banrel 
which in<^eases in radius in moving away from said 
IsanBl and which with said inner surface of said cfie 
28 fbnns said adapter zone; and a second cylindrical 
surface portion which extends from said first sur* 
fece portion and which forms with said Inner sur- 
face of said die said smoothing zone which Is 
annular. 

30 34. A method in accordance 31 wherein: 

the ratio of the length of said adapter zone In the 
axial direction to Ihe banrel diameter is less than 
about 1.2S 

and tfie ratio of the leng^ of said snrK>othing zone 
35 to the thickness of said cohesive electrode compo* 
nent is in the ran^ of about 3 to 4. 

35. A method In accordanoe wHh dalm 34 
wherein: 

the outer surface of said hob comprises: Inclined 
40 upper and tower flat surfaces whfch Incline toward 
the axis of the banrel in proceeding away from the 
banrel 

36. A method In accordance with daim 24 
wherekR 

45 said step of moving said electrode materials in< 
eludes: for contacting said electrode materials with 
surfaces and passing other surfaces ctosely adja- 
cent said contacting surfaces so as to create a 
wiping action which acts to fibrillate the polymer 

50 binder material In the region between said contact- 
ing surfaces and other surfiices. 

37. A method In accordance with dalm 24 
wherein: 

said step of moving saki electrode materials com- 
66 prises: providing a screw which extends atong the 
axis of sadd banel and whidi has along its length 
one or more discontinuous kneading flites; provid- 
ing a first set of pins situated atong the length of 
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said barrel and extending rediaDy inwardly to posl- 
llons adjacent said fiites; and 
rotating and rddpfucating said screw so that the 
surfaces of the fiites pass closely adjac^t said 
pins so as provide a wiping action, thereby causing 5 
icneading of the electrode materials therebetween 
and resultant ftbrlDalion of the polymer binder ma* 
tsrial. 

38. A method in accordance with daim 37 
Wherein; ra 
said step of moving said electrode material further 
comprises: providing one or more pushing fiites 
situated along the length of said screw and adapt- 
ed to push said materials along the axis of said 
barrel as said screw rotates and redprocates. 75 
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